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in situ scanning tunneling microscopy (STM) was employed to examine the electrochemical etching 
process of an n-Si( 111) electrode in dilute NH,F solutions under potential control. Time-dependent 
STM images have revealed prominent effects of microscopic structures of Si on the rate of its 
dissolution. Multiple hydrogen-terminated Si atoms at the kink and step sites were eroded more 
rapidly than the monohydride Si step. This presumably resulted from the difference in reactivity of 
these hydrogen-terminated Si species. It is demonstrated that the density of kinks plays a main role 
in controlling the etching rate of Si. In the absence of kinks, not only the monohydride but also the 
dihydride steps were found to be stable. The etching rate of the monohydride step is substantially 
increased from a negligible value to 15 nmfmin by the introduction of kink sites. The average 
etching rate for a dihydride step was 32 nm/min. Overall, the difference in the reactivity guides the 
dissolution of Si in a layer-by-layer fashion. 0 1995 American Institute of Physics. 
I. INTRODUCTION 
Wet chemical etching of Si with F--containing solutions 
has been known to be an effective method for preparing ideal 
hydrogen-terminated Si( 111) surfaces.‘.’ This simple chemi- 
cal method, which can produce an oxidation resistive Si sur- 
face with low density of surface states,’ is of importance to 
the semiconductor processing technology. Early spectro- 
scopic studies employing surface sensitive infraredlv2 and 
electron energy loss spectroscopies,4 elucidated the morphol- 
ogy of the chemically etched Si surfaces. Atomically flat 
Si(l11) surfaces prepared by chemical etching were previ- 
ously investigated by ex situ scanning tunneling microscopy 
(STM)5.6 in UHV and atomic force microscopy (AIM) in 
air.7 The first atomic in situ STM images of the ideal 
Si(l Il):H-I X 1 surface were acquired in aqueous sulfuric 
acid solutions as reported in our previous paper,’ demonstrat- 
ing that in situ STM is extremely useful for revealing chemi- 
cal processes with atomic resolution in the chemical etching 
of Si in solutions. 
The electrochemical potential, which controls the sur- 
face charge concentration of the Si electrode, plays a main 
role in guiding the Si etching process in an electrochemical 
environment. This potential effect was recently demonstrated 
for Si( 111) in 1 M NaOH.9 It was reported that the etching of 
Si( 111) in the layer-by-layer manner occurred in a cathodic 
potential region where the hydrogen evolution reaction was 
slightly taking place.’ In contrast, the formation of pits was 
found to occur at more positive potentials. The layer-by-layer 
etching process can be explained by the previous model pro- 
posed by Gerischer and Lubke,” which predicted an initial 
oxidation proceeded at step edges by injection of electrons 
into the conduction band. However, in situ STM revealed 
that the application of more positive potentials induced ran- 
dom nucleation of pits on the terrace site, arising from the 
oxidation of chemisorbed hydrogen and the subsequent dis- 
solution reaction.’ The role of water molecules in the chemi- 
cal etching process has been discussed in NaOH solutions in 
the absence of F-, while the effect of F- is still unclear.’ We 
have recently reported on the etching process of an Si(OO1) 
surface in NH,F solutions which was investigated using in 
situ STM.” It was found that cathodic polarization facilitated 
chemical etching of Si(OO1) to give long range ordered { 111) 
microfacets as a result of the tendency of surface Si atoms to 
form a monohydride terminated surface.” 
In this study, in situ STM was used to reveal details of 
etching processes of an n-type Si(ll1) electrode in NH,F 
solutions. Under cathodic polarization, the Si electrode un- 
derwent preferential etching at multiple hydrogen-bonded 
defects by the nucleophilic attack of H,O and F-. It was 
found that chemical dissolution of Si proceeded through the 
initial nucleation and growth of pits, followed by lateral ero- 
sion of the uppermost Si layer. Furthermore, preferential 
etching of multiple hydrogen-terminated Si species located at 
kinks and dihydride steps was found to occur. Time se- 
quenced STM images were acquired to evaluate the orienta- 
tional dependence of the lateral etching process. 
II. EXPERIMENT 
The samples used were n-Si( 111) (Osaka Titanium Co. 
Ltd., Tokyo, Japan) with 5-14 a cm resistivity. The surface 
of n-Si(1 11) was covered by a thermal oxide film. The ori- 
entation of the Si(ll1) wafer was checked with the Laue 
back diffraction technique. Our sample pretreatment was 
somewhat different from the conventional methods.’ Our 
sample treatment involved boiling of n-Si(ll1) wafers in 
concentrated (12 M) nitric acid at 350 K for 10 min. The 
oxide layer was then removed by 0.6 M HF at room tem- 
perature, followed by etching in 11 M NH,F for 3 min at 
room temperature. Millipore water was used to rinse the Si 
sample throughout the etching process. The Si(ll1) surface 
appeared to be hydrophobic after the etching process. The 
above procedure produced clean and well-ordered Si(ll1) 
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FIG. 1. Cyclic volt-ograms of n-Si( 111) in 0.27 M MF in the dark 
(solid line) and under illumination (dashed line). The scan rate was 50 mV/s. 
The results were obtained in nitrogen saturated NH.+F. 
terraces, as shown by STM results. Electronic grade NH,F 
(40% by weight, Morita Chemical Co., Tokyo, Japan) were 
used to prepare dilute NH,F solutions with Millipore water. 
The pH of the solutions was adjusted by adding dilute HF 
and NH40H solutions. Cyclic voltammetry was performed in 
a Teflon electrochemical cell with two Pt wires as the refer- 
ence and counter electrodes. The Pt quasi-reference electrode 
was always calibrated with respect to a saturated calomel 
electrode (SCE) at the end of each STM experiment. The 
STM apparatus used was a NanoScope III (Digital Instru- 
ments Inc., Santa Barbara, CA, USA), and an electrochemi- 
tally polished W wire was used as the tip. It was further 
insulated with nail polish to decrease residual currents of the 
tip to less than 50 pA. Although the potentials of the Si and 
the tip for STM measurements were controlled with the Pt 
quasi-reference electrode, all potentials are reported with re- 
spect to SCE. 
Ill. RESULTS 
A. Cyclic voltammetry of n-Si(ll1) in NH4F solutions 
Figure 1 shows current-potential curves of an n-Si( 111) 
electrode in a nitrogen-saturated 0.27 M NH,F (pH=5) tak- 
ing in the dark (solid line) and under illumination (dashed 
line). The potential was first swept negatively from the open- 
circuit potential (-0.5 V) to - 1.1 V. The cathodic current 
observed in the negative going potential scan is attributed to 
the discharge of protons with subsequent hydrogen evolution 
at the Si electrode. The dark current reaches a maximum 
value of 12 PA/cm2 at -0.2 V and decreases slowly to 8 
PA/cm2 at 0.8 V. This low anodic current markedly increased 
with an increase in NH,F concentration; for examples, the 
dark currents were 40 and 350 PAlcm” at 0.8 V in 2 M and 
11 M NH,F solutions, respectively. The pH of the NH4F 
solutions also has a slight influence on the magnitude of the 
anodic current; increasing the pH of 0.27 M NH4F from 4 to 
8 roughly doubled the dark current from 3 to 6 @/cm2. The 
above results are consistent with the previous work.” The 
dark current was attributed to the oxidation of Si-H bonds 
with the injection of an electron to the conduction band of 
the n-Si(ll1) electrode, forming dangling bonds of Si- and 
H+ in solution.” The surface dangling bond of Si is expected 
to be attacked further by either H20 or F-. 
The current-voltage (I-V) curve, shown as the broken 
line in Fig. 1 for the n-Si( 111) electrode in 0.27 M NH4F was 
obtained under white light illumination. The cathodic current 
observed in the dark at potentials more negative than -0.5 V 
was not affected by the illumination. On the other hand, the 
photoanodic current emerges at -0.4 V, peaking at 0.1 V to 
350 wcm2, and exponentially decaying to a constant cur- 
rent of - 100 pA/cm2. These current densities were found to 
be proportional to the light intensity. Holding the electrode 
potential at 0.8 V for 5 min resulted in diminishing of the 
photocurrent, indicating the formation of the passivating 
Si02 layer. Although the passivating oxide layer should dis- 
solve in F- solutions, the oxidation rate of Si evidently ex- 
ceeded its dissolution rate under the present condition. The 
current-voltage (C-V) results in Fig. 1 strongly suggest that 
illumination of the Si electrode should be avoided during 
both voltammetric and STM experiments for investigating 
the etching process on atomically ordered Si( 111) surfaces. 
B. /n situ STM of initial Si(ll1) surfaces 
In situ STM observation was exclusively carried out in 
the dark. The STM imaging of the n-Si(ll1) electrode was 
performed immediately after the electrode was etched. After 
the Si electrode was immersed in the NH,F solution, the 
electrode potential of Si was immediately set to - 1.1 V, 
which is 0.61 V more negative than the open circuit poten- 
tial. Note that the potential effect on the etching rate of Si 
was reported in NaOH solutions. It was found that both 
chemical and electrochemical etching mechanisms operate at 
the open circuit potential, leading to a higher etching rate. 
This is in contrast to the dominating chemical erosion in the 
cathodic region, where dissolution of Si is slow. Thus, apply- 
ing a cathodic potential of - 1.1 V drastically reduced the 
corrosion rate of Si. Therefore, the initial STM image is ex- 
pected to represent the final surface structures resulting from 
the etching in a 40% NH4F solution. 
Figures 2(a) and 2(b) show a crystallographic orientation 
(a) and a ball-and-stick model (b), respectively, of a 
H-terminated Si(ll1) with [112] and [I 151 oriented steps. 
One of the most interesting features of a Si(ll1) surface is 
the existence of two structurally different steps where the Si 
atoms have monohydride and dihydride configurations. They 
can be exemplified by the steps in the [ 1151 and [112] di- 
rections, respectively [Fig. Z(b)]. Ex situ STM results 
have shown that the dihydride bound Si atoms are more re- 
active than those of the monohydride ones in weakly alkaline 
I-IF solutions, resulting in the appearance of the most stable 
[ 1121 steps.6 Those experiments were conducted with Si( 111) 
samples tilted toward [112] and [112].6 Furthermore, there 
are two possible dihydride structures for the Si atoms at the 
[112] step. The dihydride axis is either perpendicular or par- 
allel to the (111) plane. It is believed that there is a strong 
replusive interaction among the horizontal dihydride struc- 
tures so that the perpendicular dihydride, as depicted in Fig. 
2(b), is in fact more stable than the horizontal one, as con- 
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FII. 2. Top vizw (a) and side view (b) of the (111) surface showing steps in 
[I 121 and [I 121 directions. These steps have monohydride and dihydride 
structures, respectively. 
firmed by an infrared spectroscopic study.2 The horizontal 
dihydride6 might be too reactive to exist on a Si( 111) surface 
in the presence of etching species of H20 and F-. 
In the present study, we focused our attention on evalu- 
ation of the reactivity difference between the microscopically 
different steps on Si( 111). We were able to use in situ STM 
to locate some areas which contain both types of steps so that 
the reactivity of these steps can be simultaneously examined 
under identical conditions. This approach is evidently more 
advantageous than that of the previous study which used 
differently tilted Si(l11) substrates in separate experiments6 
As the initial surface feature of Si controlled the subsequent 
etching process, we first recorded an STM image at - 1.1 V 
to show the initial surface morphology. This was followed by 
stepping the electrode potential to a more positive value of 
- 1.04 V to accelerate the erosion of Si. A series of STM 
images shown in Figs. 3(b)-3(f) was acquired continuously 
with a time interval of 13 s. 
Figure 3(a) shows well-defined double layer steps of 
0.32 nm in height and terraces extending more than 25 nm 
on the (11 I) surface. The relative heights of terraces are re- 
flected by their brightness in the STM image. The internal 
atomic structure on the terrace (marked 7) was readily dis- 
cerned by a high resolution STM scan, shown in Fig. 4. A 
well-ordered hexagonal pattern with an interatomic spacing 
of 0.38 nm is in good agreement with the ideal Si(lll):H- 
1X1 structure.8*‘1~‘2 Consequently, the treatment in 40% 
NH,F indeed yielded a long range ordered monohydride- 
terminated Si(ll1) surface with no discernible vacancy de- 
fect in the hexagonal network. The step orientations, as de- 
fined by their outward normals, are shown in Fig. 3(a) in 
[Tl I], [ 1151, and [fl2] directions. The former two steps are 
of monohydride, while the latter has a dihydride structure, as 
shown in Fig. 2(b). It is important to note that both the 
mono- and dihydride steps were probed by the in situ STM 
imaging at the same time. The shape of the terraces shown in 
Fig. 3(a) was determined by the morphology of the step 
ledges, i.e., the monohydride steps are mostly straight, in 
strong contrast to the typical zigzag pattern for the dihydride 
ones. 
The small islands (3 nm in diameter, probably impuri- 
ties) at the upper edge of the STM image were used to obtain 
a guide against thermal drift during the STM measurement. 
Their unchanged locations indicate low thermal drift. The 
time dependent STM results to be presented below demon- 
strate the important role played by the atomic structure at the 
steps in controlling the etching rate. In addition, in situ STM 
revealed another unique surface feature of a zigzag stripe 
(marked S) which runs across the terraces. The zigzag stripes 
are more clearly seen in Fig. 3(c). A close-up view of this 
feature in Fig. 5 shows its internal structure of line segments 
running in [Oli] and [ilO] directions. The corrugation height 
of the stripe was about only 0.06 nm. Although the quality of 
Fig. 5 does not allow a solid identification of these features, 
it can be seen that only two atomic rows of Si are involved in 
this stripe. We believe that they could be some intrinsic crys- 
tal imperfections resulting from stacking faults. It is well 
known that a marked decrease in perfection of bulk 
dislocation-free Si crystals occurs at high temperature.13”4 A 
relatively large surface density of stacking faults found in 
this study might be caused by a thermal treatment, because 
our samples were supplied with a thermally grown oxide 
layer. 
C. Time dependent STM imaging 
Figures 3(b)-3(g) present the time dependent etching 
process of Si(ll1) after acquiring the image of Fig. 3(a). 
During the first 13 s etching of the Si from Figs. 3(a) to 3(b), 
the width of the upper portion of the terrace T marked by 
arrow D decreased from 16 to 8 nm, while the lower portion 
marked by arrow D’ retracted from 18 to 12.5 nm. The rela- 
tively faster erosion of the upper half of the [fi2] dihydride 
step is thought to be due to the higher kink density within the 
zigzag pattern step ledge. On the other hand, the monohy- 
dride step in the direction of [llzj seems to be unchanged 
from Figs. 3(a) to 3(b). Particularly, the steps within the 
circle marked C in Fig. 3(b) remained still in both images, 
indicating that the ideal monohydride [112] and [Tl l] step in 
the absence of kink sites is inactive in the present etching 
condition. The dihydride terminated steps continued to re- 
tract rapidly to dissolve the terrace T, leaving a small isolated 
island I in Fig. 3(c). However, it was surprisingly found that 
the [112] step with the dihydride configuration marked by 
J. Appl. Phys., Vol. 78, No. 9, 1 November 1995 Kaji, Yau, and ltaya 5729 









25’. 0 50’. 0 
(e) 
25.0 
RG. 3. Trme sequenced STM images showing the continuous etching process of Si(l I I) in 0.27 M NH& The images were acquired consecutively at the time 
interval of 12.23 s. 7%~ Si and tip potentials were held at - 1.01 and -0.1 V, respectively. 
arrow Db in Fjg. 3(c) was essentially unchanged from Fig. After the complete removal of the island [ in Fig. 3(c), a 
3(b:I to 3(c). The well-defined step ledge, marked D’ in Fig. small, bilaycr deep (0.32 run) pit evolves in Fig. 3(d). This 
3(c), suggests that an ideal dihydride step without kinks is newly formed depression is apparently a real pit.. not an im- 
also stable. aging artifact, because it expanded and coalesced with an 
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FlG. 1. In situ ST&l rittuu!‘c lestdution of the ii{ 11 l,I:lI- I :* 1 structure, ub- 
tsined under the s:une conditions as Lx Fig. 3. The interatomic spacing of 
W3S nm is in good aprttement with the i&d vduc. 
adjacent [ 1 IF] step, as shown in E’i g. 3iej. This coalescence 
introduced many kink sites (marked K) in Fig. 3(ej at the 
almost inactive [l l?J step. R close examination of‘ Fig. 3(o) 
and :3(f) reveals a very important obsrrvdion that the etching 
rate of the [l 1-I monohydride step is now increased by the 
jntroduction of the kinks into the nearly ideal monohydride 
step. The [:112] step line retracted by -23 nm within 13 s, 
which corresponds to an etching rate of 13 tnn/min. This is a 
rather significant jncrexse fro111 a negligible level for the 
ideal monobydride step as ohsorvecl in Figs. 3(a) and 3(b). 
The sudden incre:lse will be discussed further in the follow- 
ing section. 
The high reactivity of the kink can be further demon- 
strated by high resolution STM results. Two sequenoerl (I 3 s 
difference in time) STM atomic images were acquired and 
displayed in Figs. 6(a) and Qbj. Although the internal struc- 
ture of the ( 111 ,I terraces was not perfectly discerned for the 
entire terrace, a portion ot’ Fig. Giaj indeed revealed the ideal 
FIG. 5. ~Clme-up view of a defect line on Sit I1 li. The line appears 8s 
pWrusicm ~~--G.(3h nm hi&r than the Si!,l II j-i 1 X 1 j structure]. The line - 
segments within the stripe art’ in pnllcl with the [Ol I] and [ 1 IO] directions. 
5.0 10.0 15.0 
nn 
FIG. 6. In sirlr S’l’M images showing the elching process nf Sil I I I ). ‘I%ese 
S’I‘M imsges were obtained continuously within 13 s under the s;Lme eapcri- 
mental conditions 35 for big, : 3 Etching rcction preftrcxtirilly occurrc.d at 
the corner Ikink) of the I. I I 1) facet and continuctl along the two step lines. 
Sic11 lj:H- I X 1 structure with the interatomic distance of’ 
0.38 nm. The well-defined monohydride steps without kink 
sites appear as atomically straight line segments in the direc- 
tion parallel to the atomic rcows of Sii 11 I). The GO” angle 
enclosed by the step ledges is indicative of the i 1 I 1) surface. 
These features were better resolved in the downward scan 
[.Fig. 6(b)], which was preceded by the upward scan in Fig. 
6(,aj. The fuzzy appearance at the corner (kink site) of the 
facet marked by circle K suggests that the kink site was 
preferentially attacked. Nevertheless, the well-defined mono- 
hydride steps can now be clearly seen in Fig. h(b) acquired 
during the subsequent downwnrd scan. The monohydride 
step, marked by arrow M, retracted by ‘-2.5 nm in 10 s, 
corresponding to --8 atomic rows, in the [fl2] direction. 
IV. DISCUSSION 
A. Preferential etching of steps 
The mechanism of chetnical etching of Si has been 
proposedI to involve the nucleophilic reactions between the 
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hydrogen terminated Si species and the weak nucleophiles of 
Hz0 (or possibly the F- ions in the present study). Preferen- 
tial etching of Si at the defect sites such as kinks and steps 
has been tentatively attributed to their greater reactivity and 
less steric hindrance. The reactivity difference can be prima- 
rily explained by the different bonding energies for the 
mono-, di-, and t&hydrides structures.9 The steric consider- 
ation can also explain the reactivity difference between Si 
atoms on the terrace (monohydride) and at the steps (mono-, 
di-, or hi-hydrides). Our previous in situ STM study of 
Si(OO1) etching in NH,F has demonstrated that the use of 
STM gives insight into the surface reactivity of kinks, dihy- 
dride and monohydride steps.” This finding is further sup- 
ported by the present STM study addressing the local corro- 
sion of Si with different hydride configurations. Furthermore, 
in sifu STM is also capable of revealing the effect of defect 
structures on the local corrosion rate. By comparison, this 
information is difficult to obtain with ex situ methods. 
The local Si etching process can be further elucidated by 
the relevant structural models depicted in Fig. 7. Both type A 
and B surface features consist of two intersecting monohy- 
dride steps. The A type surface is composed of a dihydride 
kink (D), two monohydride terminated step ledges, and 
monohydride terrace. Once the dihydride Si atom at the kink 
(D) is removed by Hz0 or F-, the two nearest neighboring 
monohydride Si atoms (M, and M2) are converted to the 
dihydride structure. The newly formed dihydride Si atoms 
are further attacked, resulting in a progressive etching along 
the step ledges. On the other hand, there is no dihydride Si at 
the intersection of step ledges in B, rendering the etching 
slow. 
The type A surface feature was encountered in Fig. 3(e) 
and 3(f), which was responsible for the sudden increase of 
etching rate of a monohydride step in the [ 1 l”i] direction. On 
the other hand, feature B, represented by circle C in Fig. 
3(b), was rather stable because of the lack of kink sites. 
Based on the STM results shown in Fig. 3, it is possible to 
draw a firm conclusion that A yields a significant etching 
rate, whereas B is resistive toward the etching reaction. This 
difference results from the presence of a kink site at the 
intersection of two step ledges for A. The triangular shape of 
the (111 j microfacet is more clearly seen in Fig. 6. As de- 
scribed above, only the Si atom at the corner of the (111) 
facet has a dihydride configuration so that it is expected to be 
removed first to expose dihydride Si atoms. A progressive 
etching along the step edges can be seen in Fig. 6(b), due to 
sudden changes of the locations of the step edges observed 
during the downward scan. This sudden change, showing 
disappearance of the single Si atomic row, suggests that the 
etching takes place by a row-by-row mechanism as expected 
from the model shown in Fig. 7(a). It is also seen that the 
preferential etching blunted the originally sharp comer in 
Fig. 6. 
For the type C surface feature in Fig. 7 where monohy- 
dride and dihydride steps meet, the model which features a 
higher reactivity at a kink still holds. Despite the fact that 
there is no kink in the model initially, it evolves readily 
within the dihydride step. The activity of a dihydride step 
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FIG. 7. Three ball models of typical surface structures revealed by in situ 
STM. The A structure includes two intersecting monohydride steps and a 
kink site (D) at the cross point. Type B structure also includes two intersect- 
ing monohydride steps but no kink site. Type C structure features two inter- 
secting monohydride and dihydride steps. The latter would be preferentially 
etched into zigzag monohydride steps, as outlined by the broken lines. 
tally, the portion of a dihydride step near the intersection 
with a monohydride step is more reactive than those far 
away from the intersection. Formation of a monohydride 
structure is likely to be the driving force for the formation of 
a zigzag pattern, consisting of many segments of monohy- 
dride step, outlined by the broken line in C. Note that a tip 
such as the position designed as K in the zigzag pattern again 
represents a highly reactive dihydride kink which quickly 
dissolves the monohydride step. On the other hand, away 
from the intersection, the dihydride step is relatively inert so 
that a well-defined step ledge can form. In fact, all of these 
surface microstructures have been located by the in situ 
STM. For example, from Figs. 3(a) to 3(b) the dihydride step 
in the [112] direction retracted rapidly to evolve a zigzag 
pattern in the area near arrow D in Fig. 3(b). This zigzag 
pattern can be explained by the type C structure in Fig. 7. 
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B. Estimation of etching rates V. CONCLUSION 
Given the time-sequenced STM images, one can esti- 
mate the lateral etching rates of the dihydride and monohy- 
dride steps in the [fi2] and [ 1121 directions, respectively. As 
described in the previous section, the kink site density within 
a step ledge determines the dissolution rate of Si. Averaged 
etching rates observed at the steps marked by arrows D and 
D’ in Fig. 3(b) are estimated to be -38 and 26 mn/min, 
respectively. The etching rate of 38 mnfmin was the highest 
value found in the present experiments. The value of 26 nm/ 
min obtained at the other part of step D’ is significantly 
smaller. This indicates that the variation in kink density re- 
sulted in fluctuation of the etching speed of Si even in the 
same dihydride step. Such dependence is further demon- 
strated by the surmising result that the almost ideal dihydride 
step marked by arrow D’ in Fig. 3(c) was stable during the 
period corresponding to Figs. 3(b) to 3(c). 
The kink sites also have marked influence on the erosion 
of the monohydride steps, as demonstrated by the two con- 
secutive STM images of Figs. 3(e) and 3(f). The lateral dis- 
solution of Si in this period of time actually includes not only 
the dihydride steps (in the m2] direction) but also the 
monohydride ones (in the [ll2] direction). We further esti- 
mate the etching rates of both step ledges in these particular 
images. It is again clearly seen that the kink density controls 
the local etching speed of the step ledges. An averaged value 
of 14 nm/min is obtained for the [115-j monohydride step, 
marked by arrow M in Fig. 3(e). For the [fi2] dihydride 
steps, 15 and 30 nmlmin etching rates are determined in the 
D and D’ directions, respectively. The monohydride steps 
then can be eroded as fast as the dihydride ones in the pres- 
ence of kinks. 
In situ STM has revealed details of the etching process 
of Si( 111) in dilute NI-&F under cathodic potential control. 
Dissolution of Si preferentially occurred at the multiple hy- 
drogen bonded kinks of Si. The dihydride steps seemed to 
have a higher density of kinks than the monohydride steps, 
resulting ultimately in different etching rates of these steps. 
Not only gross scale STM images but also atomic resolution 
STM images have revealed details of these etching pro- 
cesses. Erosion of Si proceeded mostly in a layer-by-layer 
fashion, although nucleation of pits started before the com- 
plete removal of the uppermost Si layer. Time-dependent 
STM images have resulted in etching rates of 16-38 and 
O-14 nm/min for the di- and monohydride steps. These val- 
ues are much higher than the etch rate in the (111) direction, 
which was 0.22 nm/min. 
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Finally, the etching rate in the (111) direction can be 
calculated by weighting the lost areas in the STM images or 
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